Thl-type cytokine interferon-y induces neopterin production in human monocyte-derived macrophages and it stimulates enzyme indoleamine (2,3)-dioxygenase (IDO) which converts tryptophan to kynurenine in various cells. In an integrative single-case study, a healthy, 27-year-old female had collected her entire urine in 12-hour (= I lag) intervals on 56 consecutive days. Neopterin, tryptophan, kynurenine and Creatinine concentrations were determined using HPLC. The kynurenine to tryptophan ratio (kyn/trp) was calcuiated as an index for IDO activity. Within the Observation period, the woman experienced an infection episode presenting with vomiting and headache, however, not serologically verified. During this period, strong increases in both urinary kyn/trp and neopterin to Creatinine concentrations were observed, and thcrc was a significant correlation between neopterin/creatinine and kyn/trp at the same day (r^ =0.334, p <0.001). However, adjusted cross-correlational analysis revealed that accelerated tryptophan degradation preceded increases in neopterin by 24 to 36 hours (24h: r =0.185, 36h: r =0.408; both p <0.05). Our Observation confirms the dose relationship between neopterin production and tryptophan degradation under real-life conditions.
Introduction
(2, 3)-dioxygenase (IDO, EC 1.13.11.42) (3, 9, 10) , which converts essential amino acid tryptophan to During cell-mediated immune response, activation form kynurenine (kyn). In vivo, enhanced degradation of type I T-helper (Thl-type) cells and augmented of tryptophan can be observed during diseases which production of Thl-type cytokines interIeukin-2 and involve Thl-type immune activation and is reflected interferon-y (IFN-y) is crucial (I). In parallel, increased by decreased serum tryptophan levels and a concurrent amounts of neopterin are produced by monocytesincrease of kynurenine concentrations and other trypderived macrophages and dendritic cells upon stimulatophan catabolites (I [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The ratio between kynuretion with IFN-y (2, 3) . In vivo, increased neopterin connine and tryptophan concentrations (kyn/trp) is a concentrations have been shown to be a reliable and sensivenient way to assess IDO activity (II). Thus, during tive marker for Th-1 type immune activation, which is such clinical conditions, increased neopterin conceneasily detectable in body fluids like serum, urine or trations and kyn/trp are common and usually correlale cerebrospinal fluid (2, 4, 5) . Likewise, increased well with each other.
neopterin concentration is a general, early and sensiIn this study, the development of urinary neopterin tive indicator for viral infections (4, (6) (7) (8) .
and kyn/trp concentrations was examined in a healthy In parallel, IFN-y induces the ubiquitously distribwoman who collected her entire urine for a period of uted tryptophan (trp) degrading enzyme indoleamine 56 days in 12-hour intervals. The fact that the individ- ual developed an infcctious disease during the Observation period allowed analysis of the exact time course of the infection-related increase in neopterin production and tryptophan degradation under everyday life conditions.
Methods

Study design
The subject, a healthy, ll-y^dx cid femaie, had volunteered as a control in one of a series of "integrative" single-case studies, conducted in order to identify possible differences between patients with systemic lupus erythematosus (SLE) and healthy controls as far as response pattems of urinary neopterin and cortisol to daily psychosocial stressors are concerned (15, 16) . Before the Start of the study, the woman underwent initial examination consisting of the "check-up for healthy individuals" (17) , a thorough physical examination by an experienced senior intemist (clinical examination, blood chemistry) as well as a psychological/psychiatric examination (15, 16) . During the investigational stage of 56 days, the woman collected her entire urine in 12-hour intervals (day and night fractions, 8 a.m. to 8 p.m. and 8 p.m. to 8 a.m. rcsulting in 112 urine portions) while pursuing her usual daily routine. The patient gave informed consent to her participation and to the publication of data. The design was approved by the hospital's internal review board.
Urinary specimens were protected from Sedimentation and oxidation by adding EDTA plus sodiumhydrogensulfite. At the end of each 12-hour period the total amount of urine was measured and samples were transferred into plastic tubes and frozen at -20°C. Urine samples were taken to the lab by the woman periodically every week when she came in for Interviews and clinical check ups. A cold box was used for transport, and samples were frozen at -70°C until further analysis.
Description of the infection episode by the woman
In the seventh weekly interview of the eight week follow-up study, the woman reported having spent the previous weekend at a mountain hut with a group of about ten friends. Out of these, four feil ill with what the woman later referred to as "stomach flu". Likewise, she reported onset of symptoms such as tiredness and Pteridines/Vol. 1 7/No. 1 a feeling of "not having digcstcd her lunch properly" on Monday (day 47, unit 93, day fraction of urine). Finally, during physical exercise in the afternoon she had to vomit. After having been taken home by a friend the woman went to bed immediately. The next morning she still feit weak and was afraid of having to vomit during a meeting at werk (day 48, unit 95, day fraction). After midday her condition improved gradually. She reported complete recovery by next moming (Wednesday, day 49, unit 97, day fraction). Apparcntly, the woman did not havc any elevated temperature or fever (temperature was taken twice daily) during the infection episode. However, the intake of two "Aspirin" (320mg) was reported for Monday night at 22:00 (unit 94, night fraction).
Laboratory
analyses High pressure liquid chromatography (Model LC 550; Varian Associates, Palo Alto, CA) on reversed phase was applied to determine urinary neopterin and Creatinine concentrations (18) as well as tryptophan and kynurenine concentrations (19) . Concentrations were expressed per molar concentration of Creatinine to compensate for variations in urine density, and the kynurenine to tryptophan quotient (kyn/trp; mol/mmol) was calculated.
Statistics
The relationship between the biochemical time series under study was initially determined by applying correlation analysis (parametric, one-sided, Pearson). In a second step, cross-correlational analysis (SPSS-Trends'^' 10.0) was used in order to identify the dynamic interdependencies between the time series. In cross-correlational analysis two time series are correlated both at zero lag (i.e. contemporaneous correlation) and at higher lags (up to ±7) in order to determine whether one variable significantly precedes and hence predicts the other. For pair wise computation, SPSSTrendsTM 10.0 includes automatic alpha adjustment. Cross-correlations were considered statistically significant when they met the p <0.05 criterion. Because of serial dependencies which are due to periodically occurring phenomena (e.g. diurnal/menstrual cycles, work schedule) and trends, unadjusted cross-correlational analysis (including conventional correlational analysis between two time series at lag 0) may lead to false-positive or false-negative correlations. Therefore, adjusted cross-correlational analysis using only time series residuals was implemented (20) . Residuais were generated by autoregressive integrated moving average (ARIMA) modeling (21) . The filtered residuals' serial independence was tested using the Ljung-Box test, with up to 4 lags (22). 
Results
Significant changes of neopterin concentrations and of kyn/trp were observed during the period of infection. There was a marked increase of absolute neopterin and kynurenine excretion around day 48 (Fig. 1) . At the same time a drop of tryptophan concentrations took place, whereas Creatinine concentrations wcrc incrcascd. When urine dilution was taken into account by calculating the kynurenine to Creatinine and tryptophan to Creatinine ratlos, it became obvious that most of the baseline variability of kynurenine and tryptophan concentrations may have resulted from variable fluid intake. Still a remarkable increase of kynurenine to Creatinine excretion can be observed which is paralleled by a decline of tryptophan to Creatinine excretion (Fig. 2) . The mean urine neopterin to Creatinine concentration for the whole Observation period was 189 ± 116 (S.D.) |j.mol/mol. Arbitrary Separation of the data into non-infection and infection periods of 42 days (first three quartiles) and 14 days (last quartile, containing the infection episode), revealed a mean neopterin concentration of 152 ±26.3 (S.D.) |j,mol/mol Creatinine for the first 42 days. The mean neopterin concentration for the last quarter of the time series was 300 ±191 |amol/mol Creatinine, which resembles an increase of approximately 100% from baseline. Fig. 3 shows that the most significant changes during the infection episode occurred from Unit 94 onward (Monday, day 47, night fraction of urine) where neopterin levels increased by 45% to 222 fimol/mol Creatinine. On the following day (Tuesday, day 48, imit 95, day fraction) levels jumped to 562 |.imoI/mol Creatinine (370% of baseline) and reached top concentrations (766 (amol/mol Creatinine, 504% of baseline) in unit 96 (Tuesday, day 48, unit 95, night fraction) before they gradually declined aftcr unit 98 (Wednesday, day 49, night fraction).
Urinary kyn/trp remaincd rather constant during the first three quarters of the Observation period with a mean value of 36.1+5.69 (SD) (.imol/mmol, the mean value for the last quarter was 133 ± 268 (S.D.) |nmol/mmol (368% of baseline; Fig. 3 ). The first noteworthy rise of kyn/trp was characterized by an 18-fold increase from baseline (from 36.1 to 642 |imol/mmol) which took place during unit 92 (Sunday, day 46, night fraction), i.e. 24 hours before the onset of symptoms and before the first obvious change in neopterin concentrations. After a short drop in units 93 (Monday, day 47, day fraction) and 94, top concentration was reached in unit 95 (1345 jimol/mmol, 37-fold above baseline). Then, kyn/trp returned to baseline more abruptly than neopterin levels.
IJnadjusted correlational analysis revealed a positive correlation between kyn/trp and neopterin concentrations (r = 0.334, p <0.001). More detaiied analysis after elimination of the serial dependencies within the two time series -ARIMA models were (1,0, l)(l, 0, 0)3 for kyn/trp and (2, 0, 0) for neopterin -a concurrent correlation (lag 0) between kyn/trp and neopterin could no longer be detected. Instead, significant correlations were observed at 24 and 36 hours (24h ^ -lag 2: 0.185, 36h = -lag 3: 0.408; both p <0.05). Thus, accelerated tryptophan degradation preceded an increase in neopterin release by 24 to 36 hours.
Discussion
This study shows an abrupt and parallel increase in urinary neopterin concentrations and of kyn/trp in a healthy female during a period with clinical signs of infection as compared with stable levels during the preceding healthy period. Values in the healthy period lie well within the normal ränge of urinary neopterin in the healthy population from earlier investigations (mean ± S.D.: 124 ± 33; 95'" percentile: 209 |.imol/mol Creatinine (5). After the infectious episode, levels of both markers of IFN-y activity returned to normal. Importantly, whereas all other parameters namely neopterin, kynurenine and, albeit to a lesser extent, Creatinine concentrations increased during this period of infection, there was a sharp drop of tryptophan levels. Increase of Creatinine concentrations may be explained by a decrease of urine volume, which however cannot explain the even higher increase of neopterin and kynurenine. Acordingly, both the neopterin to Creatinine and the kynurenine to Creatinine levels still showed a 2 -4-fold increase compared to levels measured before that period.
At first glance the increase in neopterin levels and the change in kyn/trp during the infection episode appeared simultaneous, however, the exact individual time courses proved to diverge. Correlation analysis indicated an interrelationship between these metaboHc changes and adjusted cross-correlational analysis further ciarified the dynamic sequence of these changes: the immediate increase in tryptophan degradation during the infection preceded the rise of neopterin concentrations by 24 to 36 hours. The data imply that monitoring of tryptophan and kynurenine concentrations in urine specimens is a suitable means of detecting changes of tryptophan degradation induced during immune reaction as it is true for neopterin concentrations.
The background of this relative "delay" of neopterin production as compared v^'ith tryptophan degradation is unclear. As tryptophan degradation can most Hkely be subscribed to FDO activation -this assumption is also supported by the association found with neopterin changes -data suggest that both effects will result from increased formation of cytokine IFN-y released as a response to the infectious agent. Results wouid imply that activation of IDO takes place more rapidly than expression of GTP-cyclohydrolase 1, the enzyme required for neopterin production (5). On the other hand, for neopterin production, macrophages and dendritic cells are of utmost relevance, for tryptophan degradation the role of other cells cannot be excluded. Results would be explainable if the response of these cells to IFN-y was faster. Finally, distinct renal handling could influence the excretion of these metabolites and contribute to their discrepant detectability in urine.
During this study, no daily serum/plasma specimens were collected as emphasis was put on preserving the woman's daily routine and reducing interferences with the latter (e.g. invasive methods, clinical examinations) to a bare minimum. As a consequence, no serological confirmation of the infectious agent involved was possible. We assume that most likely a virus was responsible for the infectious episode Seen in our proband. In acute viral infections neopterin concentrations are known to increase rapidly because of significant Thl-type immune activation together with endogenous formation of IFN-y, whereas in acute bacterial infections neopterin concentrations usually stay low (24). Our patient did not record fever, which is also in line with an acute infection of viral rather than bacterial origin. However, the viral infection is likely but still speculative.
Clearly, our observations are based on the study of one person only and need to be confirmed in further individuals. Nevertheless, the current data suggests that in spite of certain methodological limitations the analysis of extensive biochemical time-series originally developed for the investigation of complex psychosomatic phenomena under real-life conditions (15, 16) should also have its place in clinical immunology. We bclieve that a more thorough understanding of temporal sequences and dynamic interactions of immwnological Parameters in contrast to "spot checks" of isolated occurrences will yield new insights and may pave the way for the evolution of new concepts in immunology.
